The application of different organic matter sources as soil amendments is a common practice to stimulate root development and soil quality to improve crop yield and quality. For evaluating the effect of organic amendments on soil quality indicators and agronomic variables in table grape (Vitis vitifera) var Thompson seedless, different treatments including compost from grape pomace, humic extract, microbial inoculant, and chemical NPK fertilization, were evaluated in a pot experiment using an Inceptisol soil. Organic materials were applied in four C rates: compost, 0, 125, 250 y 500 g C pot -1 ; humic extract, 0, 25, 50 and 100 g C pot -1 ; compost and humic extract at their maximum C rates were also evaluated in absence of chemical fertilization, and microbial inoculant as bio-stimulant. Results showed a stronger root development in plants with compost and inoculant application. Furthermore, organic matter mineralization increased nutrient availability; this was evidenced by an increment of enzymatic activities, particularly β-glucosidase, acid phosphatase, and alkaline phosphatase, in all treatments receiving compost. On the other hand, the application of humic extract produced a larger increment in WSC per carbon unit applied compared to compost, meaning that the former would be more efficient than the latter to provide C for soil microorganisms. This study showed that the joint application of compost, mineral fertilizer, and microbial inoculant should be considered to improve root development in 
Introduction
The root system plays an important role on physiological and biochemical development of plants due to its influence on nutrient and water uptake, exploratory capacity, and anchorage into soil (Páez-Garcia et al., 2015) . Therefore, a good root development is the key to achieve high yield and quality in table grape (Vitis vinifera L.) (Palma, 2006; Tomasi, 2016) . Root growth pattern depends on age, variety, rootstock, Journal of Soil Science and Plant Nutrition, 2018, 18 (1), 100-112 nutritional status, climate, and environmental stresses (Callejas et al., 2009; Ruiz-Herrera et al., 2015) .
Smaller roots (2-6 mm in diameter) can emerge and grow both horizontally or vertically. The smaller roots are extended in a few extensions, which are generally thin (1-2 mm in diameter) with fast growth, but they die some weeks after emergence, and are replaced continuously (Terence et al., 2002) . The root distribution of table grape in soils is influenced by diverse factors as temperature, texture, water, nutrient availability, pH, organic matter content and tillage (Palma, 2006; Tomasi, 2016) . Table grapes are cultivated in arid and semi-arid regions under irrigated soils, where many times the plants are exposed to salinity and water stress. Orchards are commonly fertilized with NPK and micronutrients sources (Sierra, 2001) . Nevertheless, soil agronomic management has been focused on organic matter to improve soil organic carbon (SOC), chemical-physical conditions, and water content in the root zone (Fincheira-Robles et al., 2016; Gaiotti et al., 2016) . Commercial products based on humic and fulvic acids are available. The chemical extraction of humic and fulvic acids lead to the formation of three fractions: humic acids, fulvic acids and humins (Ortega and Fernández, 2007) . The humic substances influence soil fertility through the improvement of soil structure, the increase chelating minerals and its degradation (Anderson and Schoenau, 1993; Scotti et al., 2015; Nardi et al., 2016) . Furthermore, compost has been reported for its ability to reduce soil erosion and improve soil fertility and structure.
Compost could improve structure, porosity, plant nutrients, enzymatic activities and the diversity of fungal and bacterial species with ability to stimulate plant growth . Recently, Martínez et al. (2016) reported that compost quality depends heavily on chemical composition and sanitary parameters, where hydrolytic enzyme activities, total bacteria count and humic acid: fulvic acid ratios were the parameters of greater sensitivity. Additionally, microbial inoculants represent an alternative to formulate bioproducts containing living microorganisms or their metabolites in organic or inorganic substrates to promote plant growth (Vejan et al., 2016) .
The microbial pathways promote growth through the following mechanisms: nitrogen fixation, phosphate solubilization, iron uptake, phytohormones level modulation, excretion of antibiotic, enzymes and siderophores (Martínez-Viveros et al., 2010) . 
Materials and Methods

Experimental design and plant material
A pot experiment, under field conditions, was con- , twice during the season, in the corresponding treatments (see Table 1 ).
Soil sampling
Soil samples from each pot were collected at 20 cm depth at the end of the experiment. The samples were transported immediately to the laboratory to determine chemical, biochemical and microbiological properties.
Measured variables
Initially, the organic amendments were character- (Thompson et al., 2001) . Soil samples were analyzed according to the methods of Sadzawka et al. (2004) . Humic and fulvic acids contents (HA+FA) were determined by Anderson and Schoenau (1993) , modified for compost.
Microbial populations were determined by the plate count method for isolating heterotrophic bacteria (nutritive agar), fungi (PDA agar), yeasts (YPG agar), actinomycetes (oat agar) and phosphate solubilizer microorganisms (PSB) (SMRS1 agar) . The enzymatic activities were determined following the methods recommended by Dick et al. (1996) , including β-glucosidase potential activity (p-nitrophenol method) and acid and alkaline phosphatase potential activities (p-nitrophenol method); urease activity was determined by Kandeler et al. (1999) , using the indophenol blue technique (García et al., 2003) .
Evaluation of agronomical variables
Trunk diameter (TD) and plant height were measure- 
Statistical analysis
Data were analyzed using SAS statistical software (SAS, 2008) . Data evaluation included analysis of variance (ANOVA) with protected LSD test (p<0.05), and correlation analysis.
Results
Quality of the organic amendments and base soil substrate
The compost used for the experiment showed physical, chemical, biochemical, and toxicological characteristics that allowed its classification as mature compost 
type A (INN, 2016).
On the other hand, humic extract presented lower C content, but similar pH and EC values compared with commercial humic extracts from leonardite (Ortega and Fernandez, 2007) . The base soil showed low organic matter content, a property typically associated with Inceptisols soils present in semi-arid regions (Table 2) .
Effect of organic amendments application on soil properties
Chemical properties, pH and EC, showed significant differences among treatments (p<0.05). As expected, treatments with humic extract had higher pH and EC values compared with compost. However, at the end of the experiment the maximum EC values were slightly lower than the control with no organic amendments. The observed increase of EC values at the beginning of the experiment due to humic extract application triggered a significant reduction on microbial activity and plant growth, which could not be recovered during the season. Therefore, soil had to be leached to reduce EC. For this reason, only chemical properties were evaluated in treatments containing humic extract. Soil content of humic and fulvic acids was higher in all treatments receiving organic matter in comparison to the control, particularly when the maximum level of C was added (p<0.05).
The NO 3 -N levels were higher in compost treatments (p<0.05) ( Table 3) . Table 3 . Effect of the applied treatments on selected soil chemical properties Soil organic matter (SOM) showed an increase with C rate in treatments with compost. In contrast, humic extract did not produce any change on total SOM (Figure 1a,b) . However, the water soluble carbon (WSC) increased in both organic amendments according to C rate (Figure 2) . Interestingly, the slope of WSC increase with C rate was larger for humic extract (0.048 mg kg -1 g C -1 , Figure 2b) than compost (0.0257 mg kg -1 g C -1 , Figure 2a) .
Thus, humic extract would be more efficient than compost to provide C for soil microorganisms, particularly soluble C. 
Effect of Compost application on Biochemical Properties
Biochemical analysis revealed that all compost treatments increased potential activity of β-glucosidase and acid phosphatase enzymes, compared to the control (p<0.05). On the other hand, high rates of C provided by compost and humic extract decreased urease potential activity (p<0.05). Finally, the presence of microbial inoculant increased β-glucosidase potential activity while urease one was decreased (Table 4) .
Effect of Compost application on Microbial Populations
Microbiological analysis revealed no significant effect of treatments on the evaluated microbial populations, except on yeasts, where compost at minimum C level had the highest yeast concentration (p<0.0001). On the other hand, the presence of inoculant tended to increase fungi populations (Table 5) . 
Discussion
Vitis vinifera cv Thompson seedless is a fruit species cultivated in a wide range of soil types and climatic conditions. Normally, table grape requires the application of nitrogen, phosphorus, potassium, and some micronutrients such as iron, boron, manganese and zinc to reach high production levels and fruit quality (Palma, 2006; Tomasi, 2016 has a high N requirement (Palma, 2006) . Besides, the available N will allocate and incorporate into permanent vine structures for storage when shoot growth is slow. During this period vines may accumulate up to 50% of annual N requirement. In contrast, the active root growth and mineral uptake is generally minimal during the budbreak period, thus N demand is supplied primarily from reserves stored in the roots and other permanent woody structures.
In the present study, compost supplied an equivalent rate of 36 kg of total N ha -1 out of which, we increasing N uptake (Molina and Ortega, 2006) . Humic extracts are associated with direct growth promotion effects related to hormone-like activity which can modified modify plant physiology (Nardi et al., 2016) .
Other studies have shown that large amendment rates increase soil carbon. Albaladejo et al. (2008) observed a 2-fold increase in soil carbon concentration after the application of 260 ton ha -1 of uncomposted organic municipal solid waste. Furthermore, Morlat and Chausson (2008) showed that the accumulative rate of 256-320 ton ha -1 of compost in vineyards during 16 year exhibited 2-fold increase on carbon concentration, respect to the control soil. In this experiment WSC concentration in soil improved with C rate, regardless of the C source; however, the rate of increase was larger for humic extract than for
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Diverse studies have associated compost application with the increase of soil enzymatic activities due to mineralization processes and microorganism activity Ciaccia et al., 2017) . In contrast, other reports have indicated that the activity of enzymes such as proteases, urease and desaminases have decreased due to toxic effects caused by trace elements present in organic amendments (Heargreaves et al., 2008) .
In the present study, a significant increase on β-glucosidase, acid and alkaline phosphatase potential activities was observed in compost treatments. Carbon sources as cellulose, lignin, starch, proteins, organic P, and other nutrients present in compost, besides the presence of microorganisms, stimulated biological activity and the continue mineralization process . In contrast, the humic extract contains C sources as polyphenolic compounds and very low microbial activity, due to its high EC and pH. Besides, urease activity decreased probably by application of compost and mineral fertilizer that maintained N-NH 4 levels in soil.
Additionally, organic amendments enhance soil microbial diversity that includes functional groups as mycorrhizal fungi and beneficial rhizosphere bacteria (Heargreaves et al., 2008) . Organic matter content is an important factor that influences micro- showed that grape marc compost provided some benefit in returning nutrients into the vineyard.
Moreover, Kim et al. (2015) reported that the mixture of compost, vermicompost and rice straw compost promoted the growth of root on soybean and sweet corn. In the present study, it was observed that compost generated an improvement on root synthesis and no negative effects were observed, suggesting an important role in promoting rhizogenesis, particularly in nursery vines. Probably, compost affects critical soil variables that induce root distribution of grapevines as texture, aeration, temperature, nutrient availability and organic matter content. Additionally, it was observed that compost in combination with mineral fertilizers and microbial inoculant, resulted in improved root density. Chemical fertilization provides elements required by the plant and microorganisms;
compost generates an adequate environment in terms of physical and chemical conditions for availability of these nutrients, and the microbial inoculant provides beneficial microorganisms that mineralize organic matter, releasing more nutrients and synthesizing humic substances (Ortega, 2015) .
Regarding the role of humic extract in root development, Ortega and Fernandez (2007) reported an increase in shoot and root biomass with C rate applied as humic substances, which was extracted from vermicompost and leonardite. In the present study, the high EC of humic extract caused negative effects in root development, despite the dilution performed before its application.
Conclusions
The use of compost as organic amendment during establishment of table grape improved the biological soil quality, favored the increased of humic and fulvic acids content and had a positive effect on root promotion in comparison with humic extract treatments and controls. The application of compost, mineral fertilization and microbial inoculant, as INM, produced the largest root dry matter. The use of humic extract must be done controlling the EC to avoid negative effects on biological soil activity and plant root synthesis. Additionally, it was possible to establish that phosphatases and β-glucosidase potential activity, WSC and soil humic and fulvic acids contents, are sensitive variables, which are strongly correlated with root growth (root density) and would be adequate to evaluate soil quality in table grape agroecosystems.
